According to the Institute of Medicine report of 1999, medical errors result in 44,000 to 98,000 deaths per year in the United States 1 . The National Audit estimated that 2181 deaths were recorded in the National Health Services due to patient-safety-related incidents during the year 2004-2005 2 . Errors with adverse consequences are particularly likely to happen in complex and dynamic patient care environments such as intensive care units (ICUs), operating theatres and emergency departments. System errors play an important role in accident evolution 3 . Monitoring and appropriate corrective action may be instituted, thus improving quality of care. The critical incident technique was introduced by Flanagan to investigate military aircraft training incidents 4 . Starting from the 1970s, critical incident reporting has been used to analyse anaesthetic mishaps 5,6 . A complex interplay of several interdependent factors can result in weak links in the system leading to errors in areas like ICUs 7 . Our study was aimed at analysing the type, frequency and outcomes of critical incidents in our multidisciplinary ICU and to look at ways to devise system-based strategies to prevent such incidents.
MATERIALS AND METHODS
The multidisciplinary ICU at the Manipal Hospital in Bangalore, India is an 18-bed closed unit used with facility to ventilate up to 10 patients at a time. The unit serves a 500-bed tertiary care hospital and is staffed by three full-time consultants, six registrars undergoing specialist training in intensive care and three residents, providing round-the-clock cover. There is a nursing complement of 66, providing 1:1 care for patients on ventilatory support or otherwise requiring a high level of care. The case mix includes general medical, postoperative and trauma patients.
We began systematic reporting of critical incidents from January 2002 as part of our ongoing quality as any incident that caused patient harm or had the potential to do so in the opinion of the reporter. Preliminary team meetings were held including all the doctors and nurses of the unit to introduce the concept of critical incidents and the methodology of reporting. Reporting was anonymous and voluntary asked to describe in their own words what exactly happened. Outcome from an incident was described SUMMARY We aimed to determine the type and frequency of critical incidents in a multidisciplinary intensive care unit, to determine outcomes consequent to these incidents and to devise corrective strategies.
Prospectively collected data on critical incidents during a 33-month period were analysed. In all, 1918 patients were admitted to the unit during the study period. Each incident was analysed in detail. A system-based corrective strategy was sought for and implemented as appropriate.
In these patients, 280 critical incidents were reported during the study period, resulting in 3.4 incidents per 100 patient days. Airway-related incidents were the most frequent (32.8%) followed by line-related (21.8%) and drugrelated (15%) incidents. Thirty-two incidents (11.4%) led to adverse outcomes. There were four deaths that occurred as a direct consequence of or contributed to by the incident, all due to airway-related incidents. A major physiological change occurred in 3.6% of incidents, while 6.4% of incidents resulted in a minor physiological change. Critical incidents were common in our multidisciplinary ICU, although adverse outcomes were rare.
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Anaesthesia and Intensive Care, Vol. 35, No. 3, June 2007 as 1) no adverse outcome, 2) minor physiological change if it resulted in a transient change in heart rate, blood pressure, oxygen saturation, ventilatory mechanics, any other organ dysfunction or metabolic derangement that reversed in less than half an hour and 3) major physiological change if these changes lasted for longer than half an hour. The degree of change of physiological parameters was not Deaths were reported if they were considered to be as a direct consequence of, or contributed to by the incident. Number of admissions, patient days and ventilator days during the study period were obtained from records maintained in the unit. As the only objective of this activity was quality assurance, no attempt was made to identify individuals, apportion blame or take punitive action. All reports were deposited in a locked box kept within the unit. Team members were encouraged to report even if they were unsure as to whether a given incident was 'critical' or not.
Reports were entered into an electronic database (Microsoft Access, Microsoft Corp, U.S.A.), custom written by one of the authors (JC). As the study was non-interventional in nature, involving only abstraction of information from a database with all by the hospital ethics committee.
We included all reports received between January 2002 and September 2004 in this study. Incidents were sifted through by two senior physicians (JC and HR). Each incident was analysed in detail and 'critical' having caused actual harm or having had the potential to type, frequency and adverse outcomes, if any, that ensued.
RESULTS
During the 33-month study period, 1918 patients were admitted to the unit, constituting 8346 intensive care days and 4750 ventilator days. There were 588 incidents reported during this period. On detailed analysis, 280 of these were determined to be truly 'critical'. This constituted 3.4 critical incidents per 100 patient days.
Critical incidents were categorised as 1) airwayrelated, 2) line-related, 3) drug errors, 4) dislodgement of devices other than endotracheal and tracheostomy tubes (accidental extubations and decannulations were included under airway-related incidents), 5) wrong set-up of equipment, 6) faulty equipment, 7) barotrauma due to inadvertent ventilatory manipulations and 8) miscellaneous incidents (Table 1) .
Airway-related incidents
Airway-related incidents were the most frequent and constituted 32.8% of all reported incidents. This comprised of 19.3 incidents per 1000 ventilator days. Thirty-two endotracheal tubes and seven tracheostomy tubes were dislodged by accident and these together formed the majority (42.4%) of airway incidents. Twenty-four out of 32 (75%) accidental extubations had to be reintubated. All but one of the seven accidental tracheostomy tube decannulations were reinserted. Blocked endotracheal or tracheostomy tubes occurred on 29 occasions, comprising 31.5% of all airway incidents (Table 2) . Twenty-four airway-related incidents (26.4%) were these incidents are given in Table 3 . Non-airway-related incidents constituted 67.2% of all incidents. These are discussed below and summarised in Table 4 .
Line-related incidents
Second most frequent reports were from linerelated incidents, constituting 21.8% of all incidents. There were six instances of signs of digital ischaemia from arterial lines manifest as bluish discolourationthese changes reversed completely after removing the lines. A total of 1086 central venous catheters were inserted during this period-complicated by nine pneumothoraces and one haemothorax. Arteries were hit on 18 occasions during central venous catheter insertion. Abnormally high bleeding or haematomas happened on 25 occasions.
Drug errors
There were 42 (15%) incidents related to drug administration which included missed doses (22), wrong dose (10), wrong route (4), unlabelled or wrongly labelled syringe (3), wrong mix of infusions (2) and substantial delay in administration on one occasion. In one instance, streptokinase that was intended to be given intrapleurally was administered accidentally by the intravenous route.
Dislodgements
Thirty-one dislodgements were reported (apart from accidental extubations and decannulations which were included under airway complications). These included central venous catheters (18), chest drains (8), jejunal feeding tubes (2), epidural catheters (2) and an abdominal drain.
Outcomes from incidents
The vast majority of incidents (88.6%) did not result in any harm to the patient (Table 5 ). Thirty-two incidents resulted in patient harm of some degree. This constituted 11.4% of all critical incidents. Eighteen of these incidents caused only a minor physiological change (6.4% of all incidents). A major physiological change occurred on 10 occasions (3.6% of all incidents). There were four deaths (1.4% of all incidents) reported that occurred as a direct consequence of or contributed to by a critical incident. These were all related to airway-related incidents.
DISCUSSION
There is increasing focus on improving the quality of health care. One of the methods to improve quality of care is to reduce errors in clinical practice. Critical incident monitoring and corrective action has been shown to be an effective tool in the detection of latent errors and eliminating them in anaesthetic practice 6 . This methodology is being employed in intensive care practice as well, although there are fewer reports in the literature. A survey of ICUs in the United adopted uniformly across different units; there were many units where no reporting was practised 8 . Critical 9 as any incident that caused actual harm to the patient or had the potential to do so. Incident monitoring may be through direct observation 10 , chart review 11 or self-reporting. A voluntary and anonymous system might motivate staff members to report without fear of embarrassment or punishment and has been used successfully 12,13 . We encouraged our staff members to report incidents even if they were unsure whether a particular only 280 out of 588 reports were considered 'critical'. Many of the reports that were considered to be 'noncritical' were nosocomial infections and pressure as there was no single triggering event that could be In our study, the frequency of critical incidents was 3.4 per 100 patient days. Many previous studies have 14 ; we believe our study may have been no exception. In fact, such studies do not reliably reveal absolute incidences as there is no strong denominator 15 . Airway-related incidents were most frequent in our study, followed noted in two previous studies 12, 13 . All four deaths reported were directly caused or contributed to by airway incidents. Accidental dislodgements of endotracheal or tracheostomy tubes were the most common airway incidents as was the case in a 16 . Line-related complications were the second most common incident in our study. Our relatively low incidence of pneumothoraces compared to other reports 17 was probably because the operators involved had all performed more than 50 central venous catheters previously. We also encountered a relatively high incidence of bleeding-related complications during line insertions, probably because our unit has a high caseload of severe sepsis and conditions like malaria, leptospirosis and dengue fever, characterised by low platelet counts and coagulopathy.
Drug-related incidents were generally associated with no adverse outcomes, except for one instance in which streptokinase that was meant to be given intrapleurally was given intravenously and resulted in Eighteen central venous catheters and eight chest tubes were dislodged accidentally during the study period, a major physiological change occurred on two occasions as a result of these. A recent study concluded that patients are harmed by preventable incidents related to lines, tubes and drains and that these in the sicker group of patients and in children 18 .
We held team meetings every month to discuss the incidents reported during the preceding month. Each incident was addressed and a system-based corrective strategy was looked at to prevent recurrences of similar incidents. As part of this process, we introduced several new practices and also improved our monitoring systems which we felt could reduce the frequency of such incidents. When we began incident monitoring in our unit, the nurse-to-patient ratio was between 1:2 and 1:2.5. During the course of this activity, we felt that some of the incidents would have been preventable with a higher nursing ratio and we progressively increased our nursing strength to the current level of 66 nurses, with 1:1 care for all ventilated or otherwise sick patients requiring more focused attention. Capnography was made mandatory for all trachesotomies and intubations, except in the event of an absolute emergency where immediate intubation was required and there was no time available to set up the machine. We also introduced new monitors with more reliable oximetry and standardised colour coding of syringes to reduce the incidence of drug errors. Inspection of airway devices for position, patency and cuff pressure was adopted as a new nursing policy. A new protocol required at least four staff members for moving and repositioning of patients. We also protocolised our sedation policy during this period as we felt this would help prevent dislodgements due to restlessness and agitation.
Did the change in our practices and policies reduce the frequency of incidents and improve outcomes? As these interventions were introduced at several different points in time, some of them simultaneously, stage. To our knowledge no incident study in intensive care has addressed outcome changes following up on incident monitoring and corrective strategies.
CONCLUSIONS
We have shown that voluntary, anonymous, nonpunitive reporting was an effective tool in monitoring critical incidents in our multidisciplinary ICU. Critical incidents were common in our experience, although adverse outcomes were rare. Airway-related incidents were most likely to result in adverse sequelae. The impact of system-based corrective strategies in reducing the frequency of critical incidents and improving outcomes needs to be addressed in future trials.
